Page 1 of 2 



Searching PAJ 



/ 



PATENT ABSTRACTS OF JAPAN 




(1 1 )Publication number : 1 0-340807 

(43)Date of publication of application : 22.12.1998 



(51)lnt.CI. 



H01F 1/34 
C01G 49/00 
C04B 35/36 



(21) Application number : 09-148224 

(22) Date of filing : 05.06. 1 997 



(71)Applicant : KAWASAKI STEEL CORP 



(72)lnventor : FUJITA AKIRA 
KONO TAKASHI 
GOTO SATOSHI 



(54) MANGANESE-COBALT FERRITE MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an Mn-Co ferrite material which is suitably used in a high 
frequency range for the magnetic core of a transformer for switching power source, etc., and is remarkably 
reduced in loss in the high-frequency range, by baking a material prepared by mixing specific amounts of 
Fe203, CoO and MnO with each other. 

SOLUTION: An-Mn-Co ferrite material is obtained by baking a material prepared by mixing 52-55 mol.% 
Fe203, 0.4-1.0 mol.% CoO, and substantially remaining mol.% MoO. To be concrete, a low-loss magnetic 
core is obtained in such a way that, after the mixed powder of the above-mentioned components is 
calcined, the calcined product is pulverized with a pulverizing means, such as the ball mill, etc., and the 
powder is molded to the shape of a desired core, and then, the molded product is baked at 1,1 00-1 ,250°C. 
When the Fe203 content of the material is less then 52 mol.%, the loss of the material at the operating 
temperature of a switching power source, etc., becomes larger, because the saturation magnetic flux and 
Curie temperature of the material drop and the temperature at which the loss of the material becomes the 
minimum shifts to a higher temperature side. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
iamages caused by the use of this translation . 

I .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Fe 203 : 52 - 55 mol%, CoO : 0.4-1.0 Mn-Co ferrite ingredient characterized by the remainder consisting of 
MnO substantially including mol%. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the Mn-Co ferrite ingredient with little loss in a high-frequency region 

used for the core of the transformer for power sources etc. 

[0002] 

[Description of the Prior Art] Among the oxide magnetic materials named a ferrite generically, since it is fully 
magnetized even in a small external magnetic field, the elasticity magnetism ferrite is widely used for the application of 
a power source, communication equipment, a measurement control equipment, a magnetic-recording medium, a 
computer, etc. So, many properties — that Curie temperature is high, that coercive force is small and permeability is 
high, that saturation magnetic flux density is large, and it is low loss ~ are required of the ingredient used for this kind 
of application. 

[0003] Amelioration is advanced among elasticity magnetism ferrites as a core ingredient of the transformer for power 
sources which can apply a Mn-Zn system ferrite to the switching power supply used in a high frequency region. 
[0004] In an about 100kHz frequency region, it is high permeability and this Mn-Zn system ferrite shows a low loss 
property. However, the frequency followed this Mn-Zn system ferrite on becoming high, and it had the fault that loss 
became large by the end of today when high-frequency -ization of an operating frequency progresses. It is thought that 
the inclination of this high-frequency-izing continues from now on, and the demand to the elasticity magnetism ferrite 
which shows a low loss property in addition also in a high frequency region about 1MHz or more is increasing. 
[0005] On the other hand, 500kHz or more 300kHz - several MHz which makes the Mn-Zn system ferrite which makes 
the oxide of Mn, Zn, and Fe a fundamental component come to contain various oxides (for example, below CoO 0.3 
mol%) in JP,6-310320,A as an addition component as an ingredient for a frequency region The magnetic material in 
which low loss is shown in a frequency region is proposed. 

[0006] However, with the Mn-Zn system ferrite ingredient used on the comparatively low frequency, the demand 
characteristics in a high-frequency region about 1MHz or more and the result which can especially be satisfied still 
about a low loss property are not obtained from the former. 
[0007] 

[Problem(s) to be Solved by the Invention] The object of this invention is to offer the ferrite ingredient which is low 

loss in a high-frequency region about 1MHz or more. 

[0008] 

[Means for Solving the Problem] Now, in the case of the conventional Mn-Zn ferrite ingredient, saturation magnetic 
flux density and Curie temperature are MnO:ZnO:Fe 203 which is a fundamental component. Being mostly decided by 
the ratio is known. For example, although saturation magnetic flux density increases with the increment in the amount 
of ZnO(s) in a field with few amounts of ZnO, Curie temperature also falls to this and coincidence. Moreover, it is 
known that the temperature from which loss serves as the minimum will also be decided by the ratio of the above- 
mentioned fundamental component. 

[0009] Moreover, in order to obtain a low loss Mn-Zn ferrite ingredient, it is required to make small the hysteresis loss 
which constitutes loss, eddy current loss, and the other net loss, respectively. Hysteresis loss is the magnetic-anisotropy 
constant Kl among these loss. The magnetostriction constant lambda rules over greatly and they are these [ Kl ]. It is 
known that lambda will be decided by the presentation of a ferrite. For example, it sets to a room temperature and the 
Mn-Zn ferrite of the presentation which is ZnO=20 - 30 mol% near Fe203 =52 mol% is Kl. And lambdas Since it 
becomes close to both zero and permeability serves as max in this presentation, it is applied to the device which needs 
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i%h permeability. (KOhta, J.Phys.Soc. Japan 18 (1963) 685) . Moreover, if the Mn-Zn ferrite which becomes Fe203 = 
53-54.5-mol %, ZnO=8 - 12 mol%, and a remainder real target with the presentation of MnO is the about 100kHz 
:onventional frequency region, at about 80 degrees C, it is a low loss ingredient and is applied as a ferrite for switching 
power supplies, (ceramic 28 937 (1993)) . 

[0010] However, since loss increases in connection with a frequency, it is required for the ingredient used further in a 
high-frequency region on an operating frequency that loss should be low. Eddy current loss is loss resulting from the 
electric resistance of an ingredient also in loss, and the rate that this loss occupies becomes large in a high-frequency 
region. About this, it is known by forming a high resistive layer in a ferrite grain boundary, and raising the electric 
resistance of the whole core that this loss can be reduced. A net loss is also considered that the rate of occupying 
increases as it becomes a high-frequency region. However, although explanation of a resonance phenomenon etc. is 
also made about the cause, it has not clarified the place which it is till the present. Therefore, if both these eddy current 
losses and a net loss can be reduced, it will be thought that the ingredient in which low loss is shown also in a high- 
frequency region about 1 MHz or more is obtained. 

[001 1] Then, artificers searched for the presentation which shows low loss in a high-frequency region about 1MHz or 
more towards implementation of the above-mentioned object based on such knowledge. Consequently, it came to hit on 
an idea of the ferrite ingredient of the component presentation which is a presentation which does not contain ZnO arid 
newly shows that the presentation containing CoO is effective in low-loss-izing to a header and the following. 
[0012] That is, this invention is Fe 203. : 52 - 55 mol%, CoO:0.4 -1.0 The Mn-Co ferrite ingredient characterized by 
the remainder consisting of MnO substantially is offered including mol%. 
[0013] 

[Embodiment of the Invention] Hereafter, in this invention, the reason which limited the principal component 
presentation to the aforementioned range is explained. 

- CoO : 0.4-1 .0 If it is made the presentation which is a presentation which does not contain ZnO in a high-frequency 
region, and contains CoO as stated to the mol% point, the absolute value of loss at the minimum temperature will 
become low. It appears, even when the effectiveness of Co to this low-loss-izing is little, however — even if the loss at 
the time of measuring that a CoO content is less than [ 0.4mol% ] with the maximum magnetic flux density in a 
hysteresis loop of frequency 1MHz and 50mT is three or less 100 kW/m — a core - once — If the direct-current field of 
100 A/m extent is added and it measures on these conditions again, the phenomenon of deteriorating in three or more 
100 kW/m will produce loss. This loss degradation phenomenon is expected to be generated also when using a 
transformer by direct-current superposition, and is not desirable. So, at this invention, it is the lower limit of a CoO 
content. It considered as 0.4 mol%. On the other hand, a CoO content If 1 .0 mol% is exceeded, loss will increase on the 
contrary. Then, CoO content 1.0 mol% was made into the upper limit. 

[0014] Moreover, the effectiveness which makes small the temperature change of the magnetic-anisotropy constant Kl 
is known as effectiveness of a CoO permutation. That is, in a general Mn-Zn ferrite, the temperature change of Kl is 
negative greatly at low temperature, approaches zero in connection with a temperature rise, and serves as forward 
above a room temperature. Loss serves as the minimum near the temperature Kl becomes 0, and becomes large at the 
other temperature in proportion to the magnitude of the absolute value of the magnetic-anisotropy constant Kl. On the 
other hand, if Co ion permutes some configuration element ion of the spinel compound which is the main phase of a 
Mn-Zn ferrite, in order that the Co ion may carry out forward contribution to Kl, Kl becomes small in the temperature 
requirement the absolute value of whose is -50 degrees C - 150 ** extent, consequently the temperature change of loss 
becomes small. The effectiveness of such a CoO permutation is seen also in the Mn-Co ferrite which does not contain 
zinc like this invention, and is small like the case of a Mn-Zn ferrite. [ of the loss temperature coefficient of this Mn-Co 
ferrite ] However, since the loss minimum temperature tends to fall by including CoO, it is Fe 203. It is necessary to 
adjust so that an amount may be mentioned later. 

[0015] - Fe 203 : 52 - 55 mol%Fe 203 If there are too few contents, saturation magnetic flux density and Curie 
temperature will fall. Furthermore, when the temperature from which loss serves as the minimum shifts to an elevated- 
temperature side, in near 80 degree C which are operating temperature, such as switching power supply, loss becomes 
large. For this reason, Fe 203 The content made 55 mol% the upper limit. On the other hand, it is Fe 203 as are stated 
previously and the content of CoO increases, since the loss minimum temperature will become low if CoO is included. 
It is necessary to reduce a content. Therefore, in order to make the loss minimum temperature into the inside of the 
temperature requirement of 50- 100 **, the content of CoO When it is 0.4 mol% The content of 54 - 55 mol% and 
CoO is max about the content of Fe 203. When it is 1.0 moI% It is suitable to make the content of Fe 203 into 52 - 53 
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mdl%. Then, it is Fe 203 about 52 mol[ from the value corresponding to the upper limit and minimum of the above- 
mentioned CoO content ] %. It considered as the minimum of a content. 

[0016] As explained above, the principal component presentation whose this invention forms a spinel fundamentally is 
considered that all of these configuration element dissolve in crystal grain, this invention — everything but these 
metallic oxides - Si02 and CaO etc. - it is desirable to add oxides, such as the oxide which deposits in the grain 
boundary of a sintered compact like, and forms a glass phase or Zr which deposits in the grain boundary similarly and 
raises grain boundary resistance, Hf, Mo, Nb, V, and Ti, in order to contribute to reduction of eddy current loss. 
Especially, they are Si02 and CaO. A degree of sintering is raised, a grain boundary phase is formed into high 
resistance, and it contributes to loss reduction. 

[0017] Next, how to manufacture the ferrite ingredient concerning this invention is explained. First, a low loss core 
ingredient is obtained by blending a raw material so that it may become the component presentation of this invention, 
and calcinating, after carrying out temporary quenching of the mixed powder subsequently, and grinding means, such 
as attritor and a ball mill, grind and fabricating the pulverized powder in a desired core configuration after that. 
Although the burning temperature at this time changes with components, it is made in general into 1 100 to 1250 
degrees C. This reason is because sintering will not progress if burning temperature is too low, but abnormality grain 
growth occurs on the other hand although sintered density will go up, if too high, and loss of a core is degraded 
remarkably. Moreover, in this baking process, oxygen and a nitrogen mixing ambient atmosphere are desirable, by 
controlling that oxygen tension, formation of a grain boundary phase can be controlled and resistance can be raised. 
[0018] 

[Example] The raw material oxide of each component was blended, subsequently, wet blending was performed over 16 
hours using the ball mill, after that, it dried and raw material oxide was obtained so that a fundamental component 
might serve as the last presentation shown in a table 1 . Next, to this raw material mixed powder, by the last 
presentation, Si02 is 0.03wt(s)% and CaO is 0.15wt(s)% and Ta 205 to the temporary-quenching powder which 
performed temporary quenching of 3 hours and was obtained in this way by 975 ** among the atmospheric-air ambient 
atmosphere. They are Si02, CaO, and Ta 205 so that it may become 0.05wt(s)%. After adding, wet-blending grinding 
was carried out and it was made to dry using a ball mill again. It corned, and subsequently to, it fabricated with the 
outer diameter of 19mm, a bore [ of 10mm ], and a height of 5mm in the shape of a ring, and baking of 2 hours was 
performed for the polyvinyl alcohol 5wt% water solution to the desiccation powder at 1 180 degrees C after that among 
10wt(s)% in addition the nitrogen which controlled oxygen tension, and air mixed gas. 

[0019] Thus, a coil is given to the obtained sintered compact sample, (primary side two volumes, one secondary) Loss 
was measured [ in 40 to 120 **] with the alternating current BH marker by the frequency of 1MHz at 20-degree-C unit 
under the conditions of maximum-magnetic-flux-density-in-a-hysteresis-loop 25mT on the conditions of maximum- 
magnetic-flux-density-in-a-hysteresis-loop 50mT, and the frequency of 2MHz. In quest of the temperature which 
shows the minimal value of loss, and it, it combines with a table 1 by curvilinear approximation, and is shown. In 
addition, as for what attached * at the minimum temperature in this table, a loss value does not show the minimal value 
in a measurement temperature requirement. As for the thing of presentation within the limits by this invention, it turns 
out that loss is small on each frequency so that clearly from the result shown in this table. 
[0020] 
[A table 1] 
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[0021] Moreover, after giving the coil and adding the direct-current field of sink 1 5 A/m for a current to the core with 
which the above-mentioned measurement was presented, in 80 degrees C, loss was again measured on condition that 
maximum-magnetic-flux-density-in-a-hysteresis-loop 50mT on the frequency of 1MHz. The measurement result is 
combined with the loss value measured before magnetic field impression, and is shown in a table 2. A CoO content so 
that clearly from the result shown in this table When fewer them 0.4 mol%, it turns out that loss degradation after 
magnetic field impression is large. 
[0022] 
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[0023] 

[Effect of the Invention] As explained above, according to this invention, in the frequency of about 1MHz or more 
suitable for the core of a switching power supply transformer etc., a Mn-Co system ferrite ingredient with markedly 
small loss can be offered as compared with the conventional ingredient. 
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tz#>. Fe 2 0 3 <0**TSfcL 55 mol%£±RBfc Lfc. - 
2u Sfclca'^fc.fcSfc. CoOSr#tri:«*ffi/|NaJK^fi 
< =5: h tzth . Coo o**r 4#it i6tLt*«ot Fe 2 o 3 

£50— 100 TO^JlWtt C6O<0#WS# 
0.4 mol%Oi§^t2(4 Fe 2 0 3 c7)^fi^ 54—55 rool%. 
CoOO&W&tfft^C 1-0 raol%C7)^C(i FezOsO^ 
M£52-53 mol%. fc^Sd fc#ffiBT*&. 
±ISCo O ttmcolMtS i: ITFK K*f JE"T & fi^fe . 52 

[0016] &±mwLtz£ otz. *»hhl m*mz 
x tr*/u& mm-h^mtmmzmth hcox-h o . «r 
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Ztl^c?&mMim<nmiz. SiOz'Ka 

bh^immtrz&i> B n&i t zvxftLx%L& 

mfcZntb&Zr, Hf, Mo. Mb, V, Ti*tf)lHttS£aani 

mz&&mtLxm*:&mz^--?h. 

[00 17] mz. *»H>S7x7>f MsTOfcR 

m^ttmz^xmtth. *w*mf8tftmi 

LfzcOH. TV =7 A 9 -*?X-)V S )Vm^V^-mz X 

o»*u *<wk. *c?>®v&Azmmcr)^TmtizfSM 
Lxfrt>m&-?hz:ti,z£y). &m&*m>btmt:'& 
znt$<r>mti&mii. f&fttz£*)n%z>&. 

±tf&t>(onmif;m&&&mLLx. ^mwktmL 

20 o-;^5 ZtitZX 0 . tt*«<0»*«r«W Urffifit^r 
mtbZZbWX'ZZ. 
[00 18] 

[nsfeM] i iz^tmnmt %h x o 

iz. &gitt<7>mmmm£®&L. &^x\ 

Srfflv^TaSia*S:16i*BIWfCffv\ ^CO^. m$kL 

xwrntrntntz. mz. ^<o«fia^»t=»L. ^ 

975 0 CT'3^O^M$:^TV^ > d 5 LXi% 
t>tltzmmi,Z, «ftffl«-CSiOi3W.03wtX. CaO^'O. 
15wt%. TazOs * { 0.05wt%fc^^ J:-3^Si0 2 . CaOii>J: 
30 t/Ta 2 05 ZmuLtztk. ftVtf-fU$frZm^X&sM 
&®ftLX&m2itfz. Z<D&m®mz#y 
3-/U5wt%*SfflS:10wt%jDi"CJ§aL. <^^T\ ^ 
gl9mm. rtfllOnun. iS£ 5dbC0»J y^K(Cfi£)BL. 
f^. BW#ffi^jW»L^SW-ffi*a^XfXft>. 1180°C 

[0019] CCOJ: 9 fcLT»fefLfc«te<*St«f=«a 
£J6L (1»C«2S. 2*081*). IMHzCO^ScT' 
Bc*:fiB»»K50iDTco*fr. 55r^V(c2MH260S«a»T'« 

40 (C i 0 40-120 •CT20 C C ^ if *-C8J£ L/c . fS^^^J^ 
ISh Zti* 9nT&££ mk&mz X *) &frxm 1 iztfiit 

T^t*o ^fc. zv>m#<r)m4^j&x'*£ttititzi><7) 

[0020] 
[311] 
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[oo2i] tti % iieaastcfitLfcartorL. s& 

SltLT«SS:SL15A/B<OieiSa!HSrJDifca. 

1 MHzW^^T'ft^BBE«?&K50iDT<O^ff-C8(rc(C*iV * 

A>t>B^f>*^J:3{^ CoO-&#g# 0.4 oiol%«t>)^ 
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